Abstract. With the increasingly serious environmental problems, catalytic denitrification technology of coal-fired flue gas has been developed rapidly. Aiming at the widely used selective catalytic reduction and denitrification technology, this paper summarizes the ammonia selective catalytic denitrification technology and non-ammonia catalytic denitrification technology at the low temperature from the mechanism of catalytic denitrification technology. The reaction mechanism and reaction process of metal oxide catalysts, molecular sieve catalysts and carbon-based catalysts were summarized among ammonia selective catalytic denitrification technology in the low-temperature. For the non-ammonia catalytic denitrification technology at low temperature, the catalytic cracking technology, HC-SCR technology, NO x adsorption-reduction technology and CO catalytic denitrification technology were summarized as well. On the basis of this, this paper figures out the future research direction of low temperature catalytic denitrification, which is to improve the denitrification process to improve the catalytic denitrification process, vigorously develop nitrogen oxide adsorption reduction technology.
Introduction
Nitrogen oxides (NO x ) is a highly toxic pollutant that can damage the ozone layer, the ecological environment and endanger human health. NO x mainly generated by the NO and NO 2 composition combustion of the coal, oil, natural gas and other petrochemical fuel, which accounted for more than 90% NO. The affinity of NO x on the hemoglobin is strong, once it is sent into the blood and firmly combined with the hemoglobin, causing blood hypoxia, bronchitis, emphysema and other diseases, and it also can promote premature aging, bronchial epithelial cell lymphoid tissue hyperplasia, and even lung cancer symptom. The emissions of NO x to the atmosphere will lead to the formation of O 3 , the formation of photochemical smog, resulting in human eye swelling, sore throat cough, skin flushing or even heart and lung failure and other symptoms. NO x dissolved into water forming HNO 3 and HNO 2 , the formation of acid rain happened. NO x is also harmful to plants, resulting in leaf necrosis, white, yellow or brown spots [1] .
At present, the widely used nitrogen oxide removal technology are low nitrogen combustion technology and flue gas denitrification technology. Low nitrogen combustion technology has been widely promoted in the transformation of industrial boilers due to the low cost of investment. But its NO x emission reduction efficiency is difficult to meet the requirements of environmental regulations, and the transformation of large-scale boiler is more difficult, so the flue gas denitrification technology has more advantages in the power plant. The NH 3 -SCR technology with vanadium and titanium as the main catalyst, but its operating temperature must be higher than 350℃ to avoid the reaction of SO 2 and NH 3 in the flue gas to produce ammonium sulfate to clog the catalyst channel, Therefore, the SCR reactor should be arranged before the dust and desulfurization, this arrangement led to the SCR reactor containing a large number of SO 2 and K, Na and other alkali metals through the flue gas, which will cause catalyst poisoning inactivation, and high concentrations of fly ash caused the catalyst being blocked and worn, which reduce its service life [2] . Therefore, it is the current research hotspot to find the low temperature denitration technology which matches the exhaust gas temperature (120 ~ 250℃) of the boiler system. The characteristics of low temperature, low sulfur and low ash of the flue gas through the denitration reactor after the dust and desulfurization equipment are arranged in the low temperature denitrification reactor, which avoids the high temperature sintering and poisoning of the catalyst, and there is no need of the boiler system or the flue gas heating, which save operating costs and reduce energy consumption [3] [4] [5] [6] .
The current status of denitration technology
According to the different stages of NO x , denitrification technology can be divided into raw material pretreatment, furnace removal of NO x and flue gas treatment technology. Among them, the raw material pretreatment mainly went through the hydro-refining [4] [5] , the use of hydro-denitrogenation catalyst is to remove the nitrogen content of raw materials. This type of catalyst mainly includes metal sulfide, metal carbon / nitride and metal phosphide with Al 2 O 3 or molecular sieve as the carrier. Its active nature is the intermediate of Ni-Mo-S or Co-Mo-S structure [6] [7] . However, due to the existence of hydrogenation and nitrogen removal, there are some shortcomings such as harsh reaction conditions, high energy consumption, waste of money.
The NO x removal technology in the furnace mainly includes air combustion by classification, fuel classification combustion, flue gas recirculation, low NO x reactor and low excess air coefficient. The common feature of these furnace removal NO x technologies is the reduction of NO x generation and reduction of NO x by reducing the content of oxygen and combustion temperature. However, the amount of flue gas which return to the reaction furnace is generally not higher than 30%, so the efficiency of these technologies to remove NO x is limited, which generally not higher than 50%. The furnace removal of NO x is usually as flue gas denitrification technology primary treatment in industry, the remaining NO x went into the subsequent flue gas denitrification device to be further removed.
The control of NO x emissions from coal-fired flue gas has undergone wet and dry denitrification processes [8] . Wet denitrification technology uses oxidative catalyst to oxidize insoluble NO, which convert it into easily absorbed NO 2 , and then uses liquid absorber to absorb it, which denitrify if efficiently, but consumes a large amount of oxidant and absorbent, causing secondary pollution.
The NH3-SCR technology at low temperature
Since the 1970s, with the extensive application of NH 3 -SCR technology, the study of SCR reaction mechanism has also been widely concerned. The mechanism of Eley-Rideal (ER) and Langrnuir-Hinshelwood (LH) [2] is the most obvious mechanism by means of transient response technique, in-situ diffuse reflection Fourier transform infrared technique and program temperature desorption technology. The ER mechanism means that a component (NH 3 or NO x ) in the reactants is chemically adsorbed on the surface of the catalyst and the reaction is carried out by the interaction of the chemically adsorbed component (-NH 3 or -NO x ) with the gas phase component (NO x or NH 3 ). The LH mechanism is that the components (NO x and NH 3 ) in the reactants are chemically adsorbed on the surface of the catalyst and the reaction is carried out by the interaction between the chemically adsorbed components (-NO x and -NH 3 ). It is generally believed that both of these mechanisms exist simultaneously in NH 3 -SCR. Whichever mechanism is present, the adsorption of the free gas on the surface of the catalyst is a critical step in the reaction. The study shows that the acid sites on the surface of the catalyst (especially Lewis acid sites) play an important role in catalyzing the adsorption of NH 3 [7] . So the catalyst not only need to have a larger specific surface area but also need to have more acid position to facilitate the gas to complete the adsorption. The reaction of NH 3 -SCR comprises the processes of formulas (1) to (5)
The reaction of formula (1) is defined as "standard SCR reaction". When there is no O 2 in the flue gas, the SCR reaction is carried out according to the formula (2), but the reaction rate of the reaction is lower than that of the formula (1). When the [NO 2 ] / [NO] = 1: 1 in the flue gas, the "rapid SCR reaction" is started, as shown in equation (3) . Compared to the "standard SCR reaction", the "fast SCR response" of the reaction rate is higher than the reaction of the main step [8] . When the NO 2 excess ([NO 2 ] / [NO]> 1.0) in the flue gas, the reaction of the formulas (4) and (5) becomes the main reaction step, but the rate is lower than that of the formulas (1) and (3).
The metal oxide catalysts
The usage of metal oxide catalyst in the SCR process is also more extensive, the current industrial application of mature SCR catalyst is non-load type metal oxide catalyst, which is TiO2 and Al2O3 ceramics as the carrier of metal oxide catalyst. Among them, the traditional supported metal oxide catalyst mainly is V2O5 as the main agent, doped with Mo, W composite oxide, the catalyst reaction temperature window is higher [2] , which is difficult to meet the actual requirements at low temperature.
The molecular sieve catalysts
Molecular sieve has the larger surface area, due to the framework of silicon and aluminum coexistence, in which the two elements interact making its skeleton octahedral or octahedron and other structures. There are a lot of papers, which reports the molecular sieve as the low-temperature SCR catalyst [2, [5] [6] in recent years. The transition metal (Mn, Cu, Fe, etc.) are supported by molecular sieve as the catalyst as NH3-SCR low temperature catalyst.
The carbon-based catalysts
Due to the electronic arrangement of carbon atoms, there are many specific structures in nature. These structures have high specific surface area, high mechanical strength, excellent thermal conductivity and various reactive functional groups and acid sites, and are often used as catalyst' carriers [9] . Carbon-based catalyst has the advantages of low temperature activity and low temperature stability, so it has become the hotspot of the present research. The carbon material carriers currently studied mainly include carbon nanotubes, activated carbon fibers, activated carbon and active coke.
The Non-ammonia catalytic denitrification technology

The catalytic cracking Technology
The process of direct decomposition of nitrogen oxides is generally the first conversion of N 2 O to N 2 O, and then N 2 O is catalyzed by the catalyst to N 2 and O 2 under certain temperature conditions. In the present study, the role of sub-VIII elements in the division of N 2 O is more prominent. Sazama et al. [10] obtained Fe / ZSM-5 catalyst by ion exchange method. The ferrous iron element obtained by UV-vis and TPD was favorable for the catalytic decomposition of N 2 O. On the surface of ZSM-5, [Fe (II) O-Fe (II)] structure is easily oxidized during the cracking of N 2 O, which promotes the reaction. Boro et al. [11] prepared Fe / BEA catalysts by two-step synthesis, ion exchange and wet impregnation. It was found that the interaction between Al-O-Si structure and Fe-O-Si promoted the decomposition reaction get on. Xia et al. [12] found that the double iron atom structure on Fe / ZSM-5 is the main active group that undergoes decomposition reaction. In the presence of NO, this structure can reduce the activation energy of N 2 O cracking. When the temperature is lower than 300℃, the decomposition rate of N 2 O can reach more than 10%, but the presence of water will hydroxylate the double iron atom structure and deactivate the catalyst (Fig.  1) . 
The HC-SCR technology
Nearly three decades of research, it is found that precious metal catalysts in HC-SCR technology has a high efficiency. The so-called noble metal catalyst, that is, platinum (Pt), palladium (Pd), rhodium (Rh), gold (Au) and silver (Ag), such as molecular sieve, Al 2 O 3 and other oxides prepared catalyst. The denitration mechanism of the noble metal catalyst is deoxidation at the same time that the NO x is adsorbed on the catalyst surface during the reaction. The oxygen released from the NO x reacts with the reducing agent (HC) to form CO 2 and H 2 O, and the N dissociated from the NO x to form the N 2 [13] .
The NOx adsorption-reduction technology
In order to solve the negative effect of high concentration of oxygen, some scholars have proposed nitrogen adsorption-reduction technology (NO x adsorption-reduction) according to the nitrogen storage and reduction technology (NSR) technology in engine denitrification [14] The reaction process of the SCR process is carried out (a special process is used to complete the NO x adsorption process in the adsorption zone, and the reduction of the adsorbed state -NO x in the reduction zone) is applied to a new technology for flue gas denitrification in power plants.
The CO-catalytic denitrification technology
CO catalytic denitration technology derived from the internal combustion engine denitrification in the three-way catalyst technology, because CO is cheap and easy to prepare and difficult to form carbon deposition in the reaction, in recent years it become a hot spot. For the CO removal technology, the key step is the adsorption of NO x on the surface of the catalyst and the breaking of the N-O bond, the high efficiency of which depends on the oxygen vacancy of the catalyst surface and the redox performance of the catalyst [15] .
Conclusion
In the catalytic denitrification technology at the low temperature, the low temperature selective catalytic reduction technology with NH 3 as reducing agent is studied deeply. The low temperature and high efficiency makes the catalyst can be used in low dust and low sulfur environment. However, the low temperature catalyst for non-ammonia catalytic denitrification is studied in recent years, there are a lot of problems need to be solved. (1) For NH 3 -SCR technology, the catalyst preparation process need to be improved and the catalyst should be optimized. The metal ratio will be the focus of the future study. (2) In the non-ammonia catalytic denitrification technology, on the on hand it should be the development of highly selective catalyst to avoid the oxidation of hydrocarbons and CO; On the other hand, focusing on the denitrification process innovation, such as nitrogen oxide adsorption reduction catalyst development.
